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Dentre os açúcares que fazem parte da dieta humana, a lactose, presente no leite e 
seus derivados, também é metabolizada a ácidos, podendo ocasionar 
desmineralização do substrato dental. Tendo em vista que o leite humano apresenta 
maiores concentrações de lactose, tem sido sugerido que este teria um maior 
potencial cariogênico quando comparado ao leite bovino. No entanto, não há estudo 
controlado com exposição intermitente do biofilme aos diferentes tipos de leite que 
sustente esta afirmação. Sendo assim, o objetivo deste estudo foi avaliar in vitro o 
potencial cariogênico do leite humano e do leite bovino e seu efeito na 
desmineralização do esmalte, utilizando um modelo de biofilme cariogênico validado. 
Para tal, foi conduzido um estudo experimental, in vitro e cego. Blocos de esmalte 
dental bovino (4x7x1 mm) com dureza de superfície conhecida foram imersos em 
saliva humana para a formação de película adquirida. Biofilmes de Streptococcus 
mutans UA159 foram formados utilizando meio ultrafiltrado a base de triptona e extrato 
de levedura (UTYEB) suplementado com 0,1 mM de glicose. Os blocos de esmalte e 
os biofilmes formados sobre eles foram expostos 8 vezes ao dia, por 3 minutos, a um 
dos 6 tratamentos (n=8): (i) solução de NaCl a 0,9 % (controle negativo); (ii) leite 
humano (LH); (iii) leite bovino (LB); (iv) solução de lactose a 7 % (controle ativo do 
LH); (v) solução de lactose a 4,5 % (controle ativo do LB); e (vi) solução de sacarose 
a 10 % (controle positivo). O meio de cultura foi trocado diariamente, antes e após a 
realização dos tratamentos, e seu pH foi mensurado a cada troca. Após 120 h de 
experimento, os biofilmes e os blocos de esmalte foram coletados. As variáveis de 
resposta avaliadas foram: porcentagem de perda de dureza de superfície (%PDS) dos 
blocos de esmalte, pH do meio de cultura, contagem de unidades formadoras de 
colônias (UFC) e quantificação de polissacarídeos extracelulares (PEC), solúveis e 
insolúveis, na matriz dos biofilmes. Os experimentos foram realizados em duplicata, 
em dias distintos. Os dados foram analisados por ANOVA two-way e teste de Tukey 
(α= 5 %). Os valores de %PDS para os grupos LH (7,5 ± 5,0), LB (8,7 ± 6,3), controle 
ativo do LH (13,3 ± 7,5) e controle ativo do LB (15,3 ± 8,2) não diferiram do controle 
negativo (7,7 ± 3,1) (p > 0,05), sendo que somente o grupo exposto à sacarose 
apresentou a maior desmineralização do esmalte (55,1 ± 5,4) (p < 0,05). Apenas o 
grupo exposto à sacarose apresentou menores valores de pH em todos os tempos 
após 32 h de crescimento do biofilme (p < 0,05). O grupo de sacarose também foi o 
 
 
único a mostrar maior contagem bacteriana (p < 0,05) (9,4 ± 0,2; log10) em 
comparação com o grupo controle negativo (7,8 ± 0,6; log10). Os PEC solúveis e 
insolúveis foram formados apenas no biofilme exposto à sacarose, 19,5 ± 10,8 e 164,0 
± 12,6 μg/biofilme, respectivamente. Os resultados sugerem que tanto leite humano 
quanto leite bovino não apresentam potencial cariogênico em termos de estrutura do 
biofilme e não são capazes de provocar desmineralização do esmalte em comparação 
com a sacarose. 
 
























Among sugars used in the human diet, lactose, present in milk and its derivatives, can 
also be metabolized to acids, which may lead to tooth demineralization. Considering 
that human milk contains higher lactose concentrations, it has been suggested that it 
could be more cariogenic than bovine milk. However, up to date there is no controlled 
study with intermittent biofilm exposure to the different types of milk that supports this 
statement. Therefore, the aim of this study was to evaluate the cariogenic potential of 
human and bovine milk and its effect on enamel demineralization, using a validated in 
vitro cariogenic biofilm model. Bovine enamel slabs (4x7x1 mm) with known surface 
hardness were immersed in human saliva for the formation of acquired pellicle. 
Streptococcus mutans UA159 biofilms were formed using ultrafiltered tryptone-yeast 
extract broth (UTYEB) supplemented with 0.1 mM glucose. Enamel blocks and the 
biofilms formed on them were exposed 8 times a day for 3 minutes to one of the 
following treatments (n = 8): (i) 0.9 % NaCl solution (negative control); (ii) human milk 
(HM); (iii) bovine milk (BM); (iv) 7 % lactose solution (HM active control); (v) 4.5 % 
lactose solution (BM active control); and (vi) 10 % sucrose solution (positive control). 
During the biofilm growth, the culture medium was changed twice daily (before and 
after the treatments) and the pH was measured. On the morning of the 5th day (120 h) 
the enamel blocks and biofilms were collected. The response variables evaluated 
were: percentage of enamel surface hardness loss (% SHL), pH of the culture medium, 
counts of colony forming units (CFUs) and quantification of soluble and insoluble 
extracellular polysaccharides (PEC) in the biofilm matrix. The experiments were 
performed in duplicate on different days. Data were analyzed by two-way ANOVA and 
Tukey's test (α = 5 %). The %SHL was higher in the group exposed to sucrose (55.1 
± 5.4) (p < 0.05), while the groups HM (7.5 ± 5.0), BM (8.7 ± 6.3), HM active control 
(13.3 ± 7.5) and BM active control (15.3 ± 8.2) did not differ from the negative control 
group (7.7 ± 3.1) (p > 0.05). Regarding pH, only the sucrose group had lower pH values 
at all times after 32 h of biofilm growth (p < 0.05). The sucrose group was also the only 
one to show higher bacterial counts (p < 0.05) (9.4 ± 0.2; log10) than the negative 
control group (7.8 ± 0.6; log10). Soluble and insoluble EPS were formed only in the 
biofilm exposed to sucrose (19.5 ± 10.8 and 164.0 ± 12.6 μg/mg of biofilm, 
respectively). The results suggest that both human and bovine milk have no cariogenic 
 
 
potential in terms of biofilm structure and are not able to cause enamel 
demineralization when compared to sucrose. 
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 Cárie é uma doença biofilme-açúcar dependente, que se caracteriza pela 
desmineralização progressiva e localizada do substrato dental por ácidos orgânicos 
produzidos por bactérias, quando da exposição frequente a carboidratos fermentáveis 
(Fejerskov e Kidd, 2015). Na dieta humana há diversos carboidratos fermentáveis que 
estão presentes na alimentação da população e que podem ser metabolizados pelas 
bactérias, a exemplo de glicose e frutose, monossacarídeos, lactose e sacarose, 
dissacarídeos, e amido, como principal polissacarídeo (FAO 1998). 
 Dentre estes carboidratos, a sacarose, a qual é utilizada para adoçar alimentos, 
é reconhecida como o açúcar mais cariogênico da dieta humana (Cury at al., 2000). 
A sacarose é um dissacarídeo composto de monômeros de glicose e frutose 
(Glc(α1↔2β)Fru). Além de ser facilmente metabolizada a ácidos pelas bactérias, a 
sacarose pode ser substrato para a produção de polissacarídeos extracelulares (PEC) 
(Rølla et al.,1989). Enzimas bacterianas, denominadas de frutosiltransferases (FTFs) 
e glucosiltransferases (GTFs), sintetizam os PEC (Rølla et al.,1989; Koo et al., 2013), 
ao quais se acumulam na matriz do biofilme. FTFs utilizam moléculas de frutose para 
a síntese de polissacarídeos do tipo frutanos, enquanto as GTFs utilizam moléculas 
de glicose para a síntese de polissacarídeos do tipo glucanos. 
 A presença dos PEC na matriz do biofilme, em especial os PEC do tipo 
glucanos insolúveis, composto por ligações do tipo α1→3, alteram a estrutura do 
biofilme contribuindo para maior cariogenicidade do mesmo. Estes PEC insolúveis 
favorecem a adesão de micro-organismos à estrutura dental e ao biofilme (Rølla, 
1989; Bowen e Koo, 2011), bem como, aumentam a porosidade do biofilme dental 
(Dibdin e Shellis, 1988), criando um microambiente altamente cariogênico (Paes Leme 
et al., 2006). Ao mesmo tempo que o biofilme mais poroso possibilita a retenção de 
carboidratos em seu interior para serem metabolizados, também dificulta a remoção 
e neutralização dos ácidos produzidos pelas bactérias (Koo et al., 2013). 
 Além da sacarose, a lactose é outro carboidrato frequentemente consumido 
pela população, e também pode ser metabolizado pelas bactérias do biofilme, 
podendo provocar desmineralização do substrato dental (Birkhed et al, 1993; Aires et 
al., 2002; Bowen e Lawrence 2005). A lactose é o principal carboidrato presente no 
leite e derivados de leite (Crisà, 2003), os quais são amplamente consumidos pela 
população, desde o leite humano, logo após o nascimento, bem como o leite bovino, 
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durante toda a vida até a velhice. A lactose é também um dissacarídeo, no entanto é 
composto de monômeros de galactose e glicose (Gal(β1→4)Glc). Diferentemente da 
sacarose que é rapidamente metabolizada, a lactose requer um conjunto de enzimas 
para a metabolização do substrato para obtenção de energia (Zeng et al., 2010a). 
Apesar de apresentar um processo de metabolização diferenciado e não ser substrato 
para a síntese de PEC, a presença de lactose na dieta, nas diferentes formas de leite, 
tem sido relacionado com cárie.  
 A relação entre o consumo frequente de leite, seja humano ou bovino, e o 
desenvolvimento de cárie é ainda assunto controverso na literatura. Estudos sugerem 
que tanto leite humano quanto bovino possam propiciar o desenvolvimento de cárie 
dental, se consumido com frequência e mantido por longos períodos na boca 
(Thomson et al., 1996; Birkhed et al, 1993; Feldens et al., 2010). Ao contrário, outros 
estudos sugerem que o leite humano possa não ter potencial cariogênico quando é 
fonte exclusiva de carboidratos (Araújo et al, 1997; Erickson e Mazhari, 1999; Neves 
et al., 2016). 
O leite humano é considerado mais cariogênico que o leite bovino (Rugg-Gunn 
et. al, 1985; Thomson et al., 1996; Bowen e Lawrence 2005), sobretudo devido a maior 
concentração de lactose (Darke, 1976; Crisà, 2003). O leite humano apresenta uma 
concentração média de lactose de 7%, enquanto o leite bovino possui 4,5% (Darke, 
1976; Crisà, 2003). Adicionalmente, as menores concentrações de cálcio, fósforo e 
proteínas no leite humano (Darke, 1976; Crisà, 2003) também favoreceriam maior 
desmineralização dental. 
O maior potencial cariogênico do leite humano é principalmente suportado por 
estudos que avaliaram períodos prolongados de exposição aos dois tipos de leite 
(Rugg-Gunn et al, 1985; Thomson et al., 1996; Prabhakar et al., 2010). Tendo o leite 
humano maior concentração de lactose, consequentemente menores valores de pH 
foram obtidos, pois a exposição ao leite foi contínua, e não intermitente como ocorre 
na boca. Tendo em vista que a exposição contínua aos leites não mimetiza condição 
clínica real, seria importante a realização de estudos com modelos de biofilme 
cariogênico que mimetizassem a exposição intermitente do biofilme. Dessa maneira, 
por meio da exposição intermitente aos diferentes tipos de leite seria possível o melhor 
entendimento do potencial cariogênico do leite humano e bovino durante o 
desenvolvimento do biofilme dental. 
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 Estudos sugerem que tanto leite humano quanto bovino propiciam o 
desenvolvimento de cárie dental, se consumido com frequência e mantido por longos 
períodos na boca (Rugg-Gunn et al, 1985; Birkhed et al, 1993; Thomson et al., 1996). 
Em relação ao leite humano, estudos epidemiológicos mostraram relação entre cárie 
e consumo de leite humano, quando este é feito após os 12 meses de idade até os 24 
meses de vida (Chaffee et al. 2014; Tham et al., 2015; Victora et al., 2016; Peres et 
al., 2017). No entanto, estes estudos apresentam fatores de confundimento que 
impossibilitam esta avaliação de causa e efeito, o que poderia ser observado em 
estudo laboratorial controlado. Dentre os fatores de confundimento citados [Tham et 
al. 2015, Peres et al. 2018] está a alimentação das crianças. Em crianças a partir dos 
12 meses de vida, a amamentação não é mais fonte exclusiva de nutrição e outros 
alimentos contribuiriam para o desenvolvimento de cárie. 
 Tendo em vista que não há na literatura estudo controlado que mimetize a 
exposição intermitente do biofilme aos diferentes tipos de leite, o que mostraria como 
o leite humano e o leite bovino podem contribuir para o desenvolvimento de cárie 
dental, o objetivo deste estudo será avaliar in vitro o potencial cariogênico do leite 
humano e do leite bovino e seu efeito na desmineralização do esmalte utilizando 
























The cariogenicity of milk is a controversial issue and in addition human milk (HM) has 
been considered more cariogenic than bovine milk (BM). Therefore, we evaluated the 
effect of HM and BM on biofilm composition and enamel demineralization using a 
cariogenic biofilm model. Streptococcus mutans UA159 biofilms (n=8) were grown on 
human saliva-coated bovine enamel slabs of known surface hardness (SH). The 
biofilms were grown in UTYEB medium (pH 7.0) and were exposed 8x/day to one of 
the following treatments: (i) 0.9% NaCl solution (negative control), (ii) human milk (HM), 
(iii) bovine milk (BM), (iv) 7% lactose solution (HM - active control), (v) 4.5% lactose 
solution (BM - active control), or (vi) 10% sucrose solution (positive control). The 
culture medium was changed twice daily, before and after the treatments, and the 
medium pH was analyzed. After 120 h of formation, at the begging of the 6th day, the 
biofilms were collected to evaluate CFU counts and extracellular polysaccharides, 
soluble and insoluble. Enamel slabs were used to quantify the percentage of enamel 
SH loss (%SHL). Data were analyzed by ANOVA one-way, followed by Tukey’s test 
(α=5%). The %SHL values for the groups HM (7.5 ± 5.0), BM (8.7 ± 6.3), HM - active 
control (13.3 ± 7.5) and BM - control (15.3 ± 8.2) did not differ from the negative control 
(7.7 ± 3.1) (p>0.05). Only the sucrose group presented lower pH values than the 
negative control for all time points after 32 h of biofilm growth (p<0.05). The group 
exposed to sucrose was also the only to show higher (p<0.05) bacterial counts (9.4 ± 
0.2; log10) in comparison to the negative control group (7.8 ± 0.6). Soluble and insoluble 
EPS were only formed in the biofilm exposed to sucrose, 19.5 ± 10.8 and 164.0 ± 12.6 
µg/biofilm, respectively. and sucrose presented the highest enamel demineralization 
(55.1 ± 5.4) (p<0.05). In conclusion, the findings suggest that both human milk and 
bovine milk have no cariogenic potential in terms of biofilm structure and they are not 
able to provoke enamel demineralization in comparison to sucrose. 
 




 The relationship between frequent consumption of milk, whether human or 
bovine, and the development of caries is still a controversial issue in the literature. 
Studies have suggested that both human and bovine milk can promote the 
development of caries, if it is frequently consumed and maintained in the mouth [Rugg-
Gunn et al., 1985; Birkhed et al., 1993; Thomson et al., 1996]. On the other hand, other 
studies suggest that human milk may not have a cariogenic potential when it is an 
exclusive source of carbohydrate [Araújo et al, 1997; Erickson and Mazhari, 1999; 
Neves et al., 2016].  
 The human milk is considered more cariogenic than bovine milk [Rugg-Gunn et 
al., 1985; Thomson et al., 1996; Bowen and Lawrence 2005], mainly due to the higher 
concentration of lactose, which is almost twice as high the concentration in bovine milk 
[Rugg-Gunn et. al, 1985; Thomson et al., 1996; Bowen and Lawrence 2005]. 
Additionally, lower concentrations of calcium, phosphorus and proteins are found in 
human milk [Darke, 1976; Crisà, 2003], which could also favor to higher dental 
demineralization.  
 The higher cariogenic potential of human milk is mainly supported by studies 
that evaluated prolonged periods of exposure to human and bovine milks [Rugg-Gunn 
et al., 1985; Thomson et al., 1996; Prabhakar et al., 2010]. As the human milk has a 
higher concentration of lactose, consequently lower pH values were obtained, since 
the milk exposure was continuous, not intermittent, as occurs in the mouth. The use of 
a cariogenic biofilm model that mimics the intermittent biofilm exposure to the different 
types of milk could contribute to a better understanding of the cariogenic potential of 
human and bovine milk during the dental biofilm development. 
 In addition, recent epidemiological studies have shown a relationship between 
caries and breastfeeding, mainly when the human milk consumption occurs later than 
12 months of age [Chaffee et al., 2014; Tham et al., 2015; Victora et al., 2016; Peres 
et al., 2017; Peres et al., 2018]. However, these studies may present confounding 
factors, even reported by the authors [Tham et al., 2015; Peres et al., 2017; Peres et 
al., 2018], being not possible to evaluate the cause and effect and conclude the role of 
human milk and caries development. Therefore, controlled laboratory studies are 
necessary to understand the mechanism underlaying this process.  
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 Considering the need of controlled laboratory studies and that there is no study 
that mimics the intermittent biofilm exposure to different types of milk, which could 
show how human milk and bovine milk may contribute to caries development, the aim 
of this study was to evaluate the cariogenic potential of human milk and bovine milk 
during biofilm development and its effect on enamel demineralization using a 
cariogenic biofilm model. 
 
MATERIAL AND METHODS 
Experimental design 
 An experimental in vitro, randomized and blinded study was performed using a 
validated cariogenic biofilm model [Ccahuana-Vásquez and Cury, 2010]. 
Streptococcus mutans UA159 biofilms were formed on saliva-coated enamel slabs 
using ultrafiltered tryptone-yeast extract broth (UTYEB; pH 7.0) medium containing 0.1 
mM glucose. The biofilms were exposed 8 times a day to one of the treatments (n = 
8): (i) 0.9% NaCl solution (negative control), (ii) human milk, (iii) bovine milk, (iv) 7% 
lactose solution (active control of human milk), (v) 4.5% lactose solution (active control 
of bovine milk), and (vi) 10% sucrose solution (positive control). The culture medium 
was changed twice daily, and the pH was measured as an indicator of biofilm 
acidogenicity. After 120 h of formation, biofilms and enamel slabs were collected. The 
response variables evaluated were the pH of the culture medium, the percentage of 
enamel surface hardness loss (%SHL), the counts of viable microorganisms in the 
biofilms, and the quantification of extracellular polysaccharides, soluble and insoluble, 
in the biofilm matrix. Two independent experiments were performed, and the data were 
statistically analyzed by one-way ANOVA followed by Tukey's HSD Test, considering 
enamel slab as a statistical block (α=5%). Due to the use of human saliva to form the 
acquired pellicle, and human milk as a treatment under investigation, the study was 
submitted and approved by the Research and Ethics Committee of the Piracicaba 








Preparation of enamel slabs 
 The enamel slabs were obtained from bovine incisors [Ccahuana-Vásquez and 
Cury, 2010]. The crowns were sectioned using a low-speed diamond blade to obtain 
the slabs. The enamel surfaces were ground with aluminum oxide abrasive papers 
(grits number 400, 600 and 1200) and polished with 1 μm diamond paste on polishing 
cloth using a grinder machine (Phoenix Beta, Buehler, USA). The enamel surface 
hardness (SH) was determined using a Knoop indenter (Future-Tech FM, Kawasaki, 
Japan). Three indentations spaced 100 μm from each other were performed with 50 g 
load for 5 s. The slabs with intra-variability higher than 10% were excluded and the 
selected slabs were randomized into the groups. The slabs were coupled to metallic 
holders and placed in 24-well culture plates in vertical position. Before the biofilm 
assay, the slabs were sterilized by exposure to ethylene oxide [Fernández et al., 2016]. 
 
Treatments - human and bovine milk and solutions  
 The human milk used in the study was donated by the Human Milk Bank of the 
Fornecedores de Cana de Piracicaba Hospital at Piracicaba city, São Paulo state, 
Brazil. The human milk donated was the surplus volume that would not be used to feed 
babies and would be discarded. The milk was donated in coded bottles, being not 
possible to identify the donors. The milk was pooled, pasteurized (60ºC, 30 min) and 
volumes of 50 mL was stored in polypropylene tubes at -80ºC. To verify the 
pasteurization process, aliquots of 50 μL was platted on Columbia blood agar (CBA) 
plates, which were incubated under aerobic, microaerophilic (10% CO2) and anaerobic 
(10% CO2, 10% H2, 80% N2) growth conditions at 37ºC for 72 hours. After 
pasteurization, no human milk presented bacterial growth. 
 The whole bovine milk (brand name Paulista) used was purchased from a local 
supermarket at Piracicaba city, São Paulo state, Brazil.  The bovine milk was 
pasteurized by Ultra High Temperature (UHT) process, as most of the bovine milk 
consumed by the population. UHT pasteurization process aims to inactivate all 
bacteria, being the milk free of viable micro-organisms. To verify the UHT 
pasteurization process, the bovine milk was also evaluated for the presence of 




 In addition to human and bovine milk, solutions of 0.9% NaCl, 7% lactose, 4.5% 
lactose, and 10% sucrose were also prepared in ultrapure water and autoclaved at 
121ºC, 1 atm for 15 min. 
 
Human saliva and acquired pellicle 
 Fresh stimulated human whole saliva was collected from the same two healthy 
donors for each experiment. Salivary flow was stimulated by chewing a plastic paraffin 
film and the saliva was collected in 50 mL polypropylene tubes on ice for 30 minutes. 
The collected saliva was pooled, diluted 1:1 with adsorption buffer containing a final 
concentration of 1.0 mmol/L phenylmethylsulfonylfluoride (PMSF), centrifuged (10,000 
g, at 4ºC, 5 min), filtered (0.22 μm) and used immediately [Ccahuana-Vasquez and 
Cury, 2010]. The enamel slabs were immersed into the prepared human saliva and 




 Biofilms were formed on enamel slabs using the reference strain Streptococcus 
mutans UA159 (ATCC 700610) [Ajdić et al., 2002] as previously described by 
Ccahuana-Vasquez and Cury [2010]. The bacterial adhesion was performed with 
UTYEB supplemented with 1% sucrose under incubation at 37ºC, 10% CO2, for 8 h 
(Figure 1). In the adhesion phase, the UTYEB was strongly buffered (10x higher than 
the usual phosphate concentration) to avoid pH drop and enamel demineralization 
[Costa Oliveira et al., 2017]. After the bacterial adhesion, the biofilms were always 
maintained in UTYEB medium containing 0.1 mM glucose (salivary basal 
concentration). After a fasting period of 16 h the biofilms were exposed to episodes of 
“feast” and “famine” comprised of 8 daily exposures to the treatments: (i) 0.9% NaCl 
solution (negative control), (ii) human milk, (iii) bovine milk, (iv) 7% lactose solution 
(active control of human milk), (v) 4.5% lactose solution (active control of bovine milk), 
and (vi) 10% sucrose solution (positive control) at predetermined times (08:00, 09:30, 
11:00, 12:00, 13:30, 15:00, 16:00 and 17:30 h) for 3 min. After the cariogenic 
challenge, enamel slabs were rinsed 3 times in 0.9% NaCl solution and transferred 
back into the culture media. The culture media was changed twice daily, before the 
first challenge and after the last one. At beginning of the 6th day, after 120 h of growth, 
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the biofilms were collected. The enamel slab was inserted in a microcentrifuge tube 
containing 1.0 mL of saline solution and the biofilm harvest was performed by 
sonication at 7 watts for 30 s [Aires et al., 2008]. The slabs were used to evaluate 
enamel demineralization and the suspension was used for biofilm analyses. 
 
 
Figure 1: Flow chart of the biofilm assay from the bacterial adhesion phase till the 
biofilm collection. The timeline shows the fasting and the cariogenic challenge periods. 
 
Biofilm analyses 
 An aliquot of 100 μL of the biofilm suspension was ten-fold serially diluted in 
saline solution until 1:107. Two drops of 20 μL of each dilution were plated on Todd-
Hewitt (THB) agar plates, incubated at 37ºC, 10% CO2 for 48 h and the colony forming 
units (CFU) were counted [Tenuta et al., 2006]. The extraction of extracellular 
polysaccharides, soluble (S-EPS) and insoluble (I-EPS), was performed as described 
by Aires et al. [2008] from an aliquot of 400 μL of the sonicated biofilm suspension. 
The amount of total carbohydrates was quantified by the phenol sulfuric method 
[Dubois et al., 1956] using glucose as standard. 
 
Determination of culture medium pH 
 The culture medium pH was used as an indicator of biofilm acidogenicity. The 
pH was evaluated twice a day at each culture medium change. The pH measurement 
was performed using a pH microelectrode (Accumet; Cole-Parmer, USA) coupled to a 
pH meter (Procyon SA-720, Olímpia, Brazil) calibrated with pH standards of 4.0 and 
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7.0, done directly inside the wells, just after the medium change [Fernández et al., 
2016]. 
 
Determination of enamel demineralization 
 The enamel slabs were used to evaluate the enamel demineralization after the 
biofilm collection. The SH was again performed by three indentations 100 μm apart 
from the initial SH measurement as previously described. The percentage of surface 
hardness loss (% SHL) was calculated by the formula: (baseline SH – SH after assay 
× 100)/baseline SH [Cury et al., 2000]. 
 
Statistical analysis 
 Data were analyzed by one-way ANOVA followed by Tukey's HSD Test. The 
statistical analysis was done using SAS software (SAS Institute Inc., version 8.01, 
Cary, N.C., USA) employing a significance level fixed at 5%. Assumptions of 
homogeneity of variances and normal distribution of errors were checked for all tested 
response variables using the Kolmogorov-Smirnov test. Data that violated the 
assumptions were transformed to square-root 





















 The %SHL values (Fig. 2) for the groups HM (7.5 ± 5.0), BM (8.7 ± 6.3), HM - 
active control (13.3 ± 7.5) and BM - control (15.3 ± 8.2) did not differ from the negative 
control (7.7 ± 3.1) (p>0.05). 
 
Figure 2: Percentage of surface hardness loss (%SHL) of enamel slabs according to the 
treatments (NaCl 0.9%, Human milk, Bovine milk, Lactose 7%, Lactose 4.5% and Sucrose 
10%). Distinct capital letters indicate significant statistically differences (p < 0.05) among 
groups (Mean ± SD; n = 8). 
 
 Only the sucrose group presented lower pH values (Fig. 3) than the negative 
control for all time points after 32 h of biofilm growth (p<0.05). 
 
Figure 3: pH values of the culture medium according to the treatments (NaCl 0.9%, Human 
milk, Bovine milk, Lactose 7%, Lactose 4.5% and Sucrose 10%) and biofilm development time 
(h) as an indicator of biofilm acidogenicity. Asterisks indicate statistically significant difference 
of sucrose group from the other treatments at the evaluated time points (p < 0.05). (Mean ± 
SD; n = 8). 
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 The group exposed to sucrose was also the only to show higher (p<0.05) 
bacterial counts (9.4 ± 0.2; log10) in comparison to the negative control group (7.8 ± 
0.6) (Fig. 4).  
 
Figure 4: CFU counts per biofilm (Log10(CFU)/biofilm) according to the treatments (NaCl 0.9%, 
Human milk, Bovine milk, Lactose 7%, Lactose 4.5% and Sucrose 10%). Distinct capital letters 
indicate significant statistically differences (p < 0.05) among groups (Mean ± SD; n = 8). 
 
 Soluble and insoluble EPS (Fig. 5) were only formed in the biofilm exposed to 
sucrose, 19.5 ± 10.8 and 164.0 ± 12.6 µg/biofilm, respectively. 
 
Figure 5: Amount per biofilm (μg/biofilm) of extracellular polysaccharides, soluble (S-EPS) 
and insoluble (I-EPS) according to the treatments (NaCl 0.9%, Human milk, Bovine milk, 
Lactose 7%, Lactose 4.5% and Sucrose 10%). Distinct capital letters indicate significant 







 In the present study, neither human milk nor the bovine was able to provoke 
enamel demineralization during the biofilm development. The exposure to the different 
types of milk were not able to cause significant pH drop in the culture medium, showing 
that both, human and bovine milk, had no cariogenic potential. The enamel 
demineralization was only observed when the biofilm was exposed to sucrose, which 
was metabolized by bacteria, causing significant pH drop in the culture medium. 
 The enamel demineralization data contrast with other studies [Rugg-Gunn et al., 
1985; Thomson et al., 1996; Prabhakar et al., 2010] mainly due to the period that the 
dental substrate was exposed to the milk, which varied from 5 nights of periods of 8 h 
[Thomson et al., 1996] to 12 weeks [Prabhakar et al., 2010]. The period that the biofilm 
is immersed in the milk, human or bovine, is extremely relevant. Longer periods of 
exposure to milk favor the bacteria to maintain lactose metabolization, leading to 
continuous acid production, causing enamel demineralization. Considering that, we 
used a validated cariogenic biofilm model [Ccahuana-Vásquez and Cury, 2010] to 
assess the enamel demineralization, mimicking the intermittent biofilm exposure as it 
occurs in the mouth. 
 Our study showed that the biofilm exposed to human or bovine milk, or to the 
lactose solutions, were not able to demineralize the enamel slabs (Fig. 2). Only the 
biofilms exposed to sucrose solution provoked enamel demineralization (p<0.05). 
These data were supported by the pH values observed in the culture medium (Fig. 3), 
which showed similar bacterial metabolization pattern among the milk and lactose 
solutions groups, differing only from the sucrose group. The difference in the amounts 
of acids produced and released into the culture medium can be explained by the 
nutritional source provided to bacteria and the biofilm structure (bacterial cell and 
extracellular matrix). 
 Although lactose can be fermented by oral bacteria, including the bacterium 
Streptococcus mutans used in the biofilm model, it is not as easily fermented as 
sucrose [Zeng et al., 2010a]. Lactose is not the preferred source of nutrition for energy 
when compared to other carbohydrate sources, such as glucose, fructose, sucrose 
and mannose [Zeng et al., 2010a; 2010b]. The bacteria require the expression of lac 
operon genes to metabolize lactose, and also galactose, which is produced by lactose 
break down [Zeng et al., 2010a]. Therefore, the bacteria exposed to lactose, from milk 
or active control solutions, could not be able to produce as much acids as the bacteria 
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exposed to sucrose. The lower efficiency using lactose, when compared to sucrose, 
could also affected the biofilm growth. Biofilms exposed to milk or lactose solutions 
presented similar CFU counts when compared to the negative control (NaCl 0.9% 
solution) (p<0.05), but lower counts than the exposed to sucrose (p>0.05) (Fig. 4).
 Besides the nutritional source, the biofilm structure is also relevant for the 
amounts of acids produced and released into the culture medium. Different from 
sucrose, lactose is not substrate for bacterial enzymes to produce EPS (Fig. 5). In 
human diet, only sucrose is substrate for EPS synthesis. S. mutans 
glucosyltransferases (GTF) enzymes, mainly GTFB and GTFC, are responsible for the 
synthesis of insoluble EPS (I-EPS), glucans with α1→3 linkages [Rølla, 1989; Bowen 
and Koo, 2011]. I-EPS favor bacterial adhesion on the enamel surface and on the 
already-adhered cells, which could also explain the higher bacterial counts in the 
biofilm exposed to sucrose (Fig. 4). In addition, the I-EPS synthesized modify the 
biofilm matrix tridimensional organization, mainly enhancing its porosity [Dibdin and 
Shellis, 1988; Rølla, 1989; Cury et al., 2000; Bowen and Koo, 2011]. The porous matrix 
favors carbohydrate diffusion and retention, which maintains the bacterial 
metabolization, increasing the acid production near enamel surface [Dibdin and 
Shellis, 1988]. Moreover, I-EPS makes difficult acid removal from the modified matrix, 
increasing enamel demineralization. Therefore, the higher demineralization observed 
only for sucrose group is due to the sum of these two factors, the substrate that is 
easily metabolized, and to the modified biofilm matrix rich in I-EPS that maintain an 
acid environment. 
 The enamel demineralization for the groups exposed to human or bovine milk, 
or the lactose solutions as active control, was statistically similar (p<0.05). However, it 
possible to observe a tendency of higher %SHL (Fig. 2) for the human and bovine milk 
active control, lactose solutions of 7% and 4.5%, respectively. This tendency could be 
explained by the protective components present in the milk, as calcium, phosphate and 
proteins [Darke, 1976; Reynolds 1987; Rose 2000]. The main protein is casein, a 
phosphoprotein that can represent up to 80% of total proteins. Casein contains a 
phosphoseryl cluster sequence, which provides a negatively charged region that works 
as calcium-binding site [Rose 2000]. Consequently, casein stabilizes high calcium 
phosphate concentration in milk, avoiding precipitation. The presence of casein in the 
human and bovine milk may favored lower %SHL due to the increase of calcium 
phosphate concentration in biofilm and the acid-buffering capacity also.  
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 Therefore, our results strengthen that breastfeeding can be safely provided to 
children, without fear of caries development. Although epidemiological studies have 
shown a relationship between caries and breastfeeding [Chaffee et al., 2014; Tham et 
al., 2015; Victora et al., 2016; Peres et al., 2017], they are not able to conclude that 
the human milk was the only source of feeding that favored caries development. All 
those studies showed that breastfeeding duration longer than 12 months [Tham et al. 
2015], 18 months [Tham et al. 2015], or 24 months [Chaffee et al. 2014; Peres et al. 
2017] increased the caries risk, however confounding factors were reported by the 
authors. Consequently, it is not possible to establish a cause-effect relationship 
between milk exposure and caries development. Therefore, our study clearly shows 
that when human or bovine milk are the only source of nutrition, they are not cariogenic 
for enamel. 
 It is important to emphasize that human milk is recommended as an exclusive 
nutrition source for children up to 6 months of age [WHO 2008], and after that, other 
foods are present in their diet, which may contribute to caries development, mainly 
foods containing sucrose as a sweetener source. After 6 months, up to 2 years and 
beyond breastfeeding is just a complementary source of nutrition. The frequent 
presence of sucrose in children’s diet may change the biofilm structure and the 
bacterial composition due to the acid environment, favoring the enamel 
demineralization. In addition to the consumption of foods containing sucrose, children 
with poor oral hygiene practices would also be more susceptible to have caries. 
 Even though lactose is not easily fermented [Zeng et al., 2010a], Birkhed et al. 
[1993] showed that some oral bacteria, including S. mutans and other streptococci, 
may be adapted to this carbohydrate source, which could be evaluated in future studies 
using this biofilm model. Another issue to be evaluated, simulating an in vitro 
experiment, is the role of sucrose when it is consumed by children that are breastfed, 
which could further investigate the mechanism underlaying the relationship between 
breastfed children after 12 months of age and caries development. In summary, our 
findings suggest that both human milk and bovine milk have no cariogenic potential in 
terms of biofilm structure and they are not able to provoke enamel demineralization in 
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Os resultados do presente trabalho demonstram que tanto leite humano 
quanto leite bovino não apresentam potencial cariogênico em termos de estrutura do 
biofilme e não são capazes de provocar desmineralização do esmalte em comparação 
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